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1-3
The high cardiovascular (CV) mortality and morbidity need preventive strategy to decrease future CV events. One of them is CV risk stratification by Framingham Heart Study 2008. This risk stratification classified subjects become low, moderate, and high CV risk by several parameters (age, sex, hypertension history, low-density lipoprotein value, and smoking history).
4,5
Coronary artery calcification is a part of atherosclerosis development, exclusively happening in coronary artery and there is no such calcification in other normal wall vessels.
6,7
The presence of calcium in coronary artery lumen is diagnostic tools for coronary artherosclerosis. 
Abstract
Coronary artery calcification is a part of atherosclerosis process associated with coronary heart disease. Recently, coronary artery calcification assessment using computed tomography (CT) is still the best noninvasive imaging with high sensitivity and specificity. Osteoprotegerin (OPG) is one of vascular calcification marker that through its role to bind receptor activator of nuclear factor-kβ ligand and inhibit osteoclastogenesis is suspected of playing a role for coronary calcification in atherosclerosis process. The objective of this study was to prove a positive correlation between OPG serum level and coronary calcification using coronary artery calcium (CAC) score in patient with moderate-severe cardiovascular (CV) risk factor. This is a cross-sectional study with purposive sampling technique. Thirty-three subjects participate in this research and each subject underwent a multislice computed tomography (MSCT) examination to assess coronary calcification and their blood samples were collected for OPG measurement. This study is analyzed with Spearman's correlation test. The mean of OPG serum level in this study was 5.89 AE 2.1 pmol/L for moderaterisk Framingham risk score (FRS) and the mean of OPG serum level for high-risk FRS was 7.27 AE 3.4. There was a positive, moderate, and significant correlation between OPG serum level and coronary calcification using CAC score in patient with moderatesevere CV risk factor (r ¼ 0.694; p < 0.001).
Heart Association 2013 recommended CAC scoring for moderate CV risk to reclassify the CV risk.
10
Recently, osteoprotegerin (OPG) is discovered as a subclinical atherosclerosis biomarker through several mechanisms. OPG is a soluble glycoprotein member of the tumor necrosis factor (TNF) receptor superfamily, originally discovered as an inhibitor osteoclastogenesis through the mechanism of RANK-RANKL (receptor activator of nuclear factor-kβ-receptor activator of nuclear factor-kβ ligand ) interaction in bone metabolism. OPG competes with RANK to bind RANKL. OPG also upregulates endothelial cell (EC) adhesion molecules in atherosclerosis development.
11,12
Therefore, we evaluated the correlation between the serum OPG level and CAC in those patients with moderate-severe CV risk based on Framingham risk score (FRS), by assessing CAC with CAC score.
Subject and Methods
From March 2016 to July 2016, we recruited 33 patients who met inclusion and exclusion criteria. Inclusion criteria were men or women, age between 35 and 65 years, having moderate-severe CV risk factors based on FRS (10-19 and !20% 10-year risk) with normal electrocardiogram (ECG) results. Exclusion criteria were ASCVD, pregnancy, patient with malignancy, presence of percutaneous coronary intervention or coronary artery bypass grafting history, patient with chronic inflammation disease, patient with immunosuppressant therapy, patient with ongoing heparin therapy, and presence of chronic kidney disease. This study was approved by our institutional review committee; the subjects were informed of the investigative nature of the study and a written consent was obtained before study entry.
Evaluation of Target Lesion Calcium Using Computed Tomography Scan and Coronary Artery Calcium Score
Evaluation of target lesion calcium was using GE Company MSCT scan machine having 128 slices. No special preparation for CAC scoring is required, other than abstinence from caffeine and cigarette 4 hours before scan to ensure optimized heart rate of 80 bpm. ECG electrodes were applied, scan preparation was completed, and the acquisition scan was performed requiring only a 20-second breath hold. The 45 to 65 images obtained were analyzed, then yielded total calcium score using Agatston-Janowitz's score. This total score is based on the scores of the five interrogated coronary arteries (left main, left anterior descending, left circumflex, right coronary, and posterior descending) which in turn represent the total number of calcified plaques in each artery. Each plaque is scored based on the lesion area and density.
Serum OPG Measurement
Blood samples were collected and stored at 20°C until the laboratory examination. The serum OPG levels were determined by using BioVendor's human OPG enzyme-linked immunosorbent assay (ELISA). First, 100 µL of diluted calibrators, quality controls, dilution buffer, and samples were incubated in a plate at room temperature (25°C), then was shaken in an orbital microplate shaker and washed in the well three times with wash solution. Next, 100 µL of biotin labeled anti-OPG antibody solution were added, then incubated at room temperature and shaken them, then washed again. Then 100 µL conjugate solution were added and met the same before treats. Then 100 µL of substrate solution were added and incubated the plate for 10 minutes at room temperature and stopped the color development by adding 100 µL of stop solution. The final process was determining the absorbance by reading the plate at 450 nm.
The mean value study with serum samples from young healthy donors that has been established with the human OPG ELISA was 4.1 AE 0.33 pmol/L. 13 
Statistical Analysis
The results were expressed as means AE standard deviations or as medians, according to the variables. The normality data distribution test and Kolmogorov-Smirnov's test were done before evaluating correlation between OPG serum level and CAC score. Since abnormal data distribution, correlation analysis was done using Spearman's rank correlation test (►Table 1; ►Fig. 1).
Results
The study group included 17 men and 16 women, and their ages ranged from 35 to 65 years (mean age, 53.73 AE 6.90). The mean value of the body mass index was 25.48 AE 2.7. Dyslipidemia is the most common risk factor in this study group, 27 subjects (81.8%). There were 15 subjects (45.5%) with moderate CV risk and 18 subjects (54.5%) with severe CV risk. The characteristics of the subjects are given in ►Table 2.
The median CAC score was 38. The mean CAC score was higher at severe CV risk group than moderate CV risk group (126.56 AE 198.1 vs. 56.13 AE 108.7). The highest OPG serum level was 18.6 pmol/L and the median was 5.8 pmol/L. The mean OPG serum level was higher at severe CV risk group than moderate CV risk group (7.27 AE 3.4 vs. 5.89 AE 2.1) (►Tables 3 and 4). 
Discussion
Calcification is a frequent finding in advanced atherosclerosis with the process having similarities to bone remodeling. Several bone remodeling cytokines, in particular OPG, have been identified adjacent to areas of atheroma calcification.
12
OPG is expressed in vivo by ECs, vascular smooth muscle cells, and osteoblasts. OPG acts as a decoy substrate to RANKL and competes with RANK, inhibiting RANK-RANKL interactions. Binding of OPG to RANKL prevents the proliferation and differentiation of osteoclasts and consequently bone resorption even vascular calcification.
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Inflammation plays an important role in the progression and complication of atherosclerosis and TNF-α is one of cytokine inflammation marker. Recent study demonstrated that OPG upregulates the expression of several adhesion molecule-1, vascular cells adhesion molecule-1, and E-selectin by ECs in TNF-α activated human umbilical vein ECs.
12
Recent study shows that OPG circulating levels are increased in patients with metabolic syndrome. In this study, we included subject with moderate-severe CV risk based on FRS and also showed that OPG serum level was higher in severe FRS group than in moderate FRS group. Shaw et al, in their cohort study, showed CAC scoring was superior to FRS to estimate CV risk.
14 Greenland et al informed that CAC score exceed 100 was related with increasing CV risk (high CV risk) for patients with 10 to 15% or more group based on FRS. The 10 to 15% FRS group with CAC score exceed 300 have CV risk equal with > 20% FRS group with CAC score > 300.
5
In this study, there was three subjects with moderate FRS; no plaque and four subjects with moderate FRS; minimal plaque (CAC score 11-100); therefore, these subjects could be reclassified to be subjects with low CV risk. There was also one subject with moderate FRS; moderate plaque (CAC score 101-400) and one subject with moderate FRS; extensive plaque; therefore, these subjects could be reclassified to be subjects with high CV risk.
Thereby, this study was in accordance with the prior study, Anand et al explained that OPG serum level was correlated significantly with CAC score and carotid intimamedia thickness in subjects with diabetes mellitus as one of risk factor for atherosclerosis. 15 Pérez de Ciriza et al con-
cluded that OPG serum level was increased significantly in subjects with coronary artery calcification than subjects without coronary artery calcification.
16
In conclusion, OPG serum level was correlated significantly with CAC score in subjects with moderate-severe CV risk (r ¼ 0.694; p < 0.001). Our study also have some limitations, first, no limitation for ASCVD therapy (statin, oral antihypetension drugs, oral antidiabetic drugs) for subjects with that comorbid condition; second, this study included small number of participants. These data suggest that more research is needed to validate OPG as a CV damage or risk biomarker.
